1,111 children. Parents of 105 of these 783 eligible households refused to participate or could not be reached. There were no signifi cant differences in age, sex, or area of residence between eligible children who did (n 5 678 [86.6%]) and did not (n 5 105 [13.4%]) agree to participate. We selected as cases children who had parental report of physician-diagnosed asthma and wheeze in the previous year (n 5 351). All study participants had to have four Puerto Rican grandparents to ensure that they were of Puerto Rican descent. 3 Because we focused on indicators of asthma morbidity, only cases were included in this analysis.
Study Procedures
Study participants completed a protocol that included administration of questionnaires, spirometry, and collection of blood samples (for measurement of serum IgE to common allergens). The child's parents completed a questionnaire used in the Genetics of Asthma in Costa Rica Study, which was slightly modifi ed from one used in the Collaborative Study of the Genetics of Asthma. 18 This questionnaire was used to obtain information about the child's general and respiratory health, sociodemographic characteristics, family history, (current) exposure to secondhand tobacco smoke, in utero smoking, use of inhaled corticosteroids (ICSs) in the previous 6 months, and asthma outcomes (including information about severe asthma exacerbations 19 and core measures of asthma exacerbations 20 [see later description]). Parental numeracy was measured in one of the parents using a slightly modifi ed version of the Asthma Numeracy Questionnaire (ANQ), a four-item validated test that uses arithmetic or percentage-based statements or questions derived from the National Asthma Education and Prevention Program guidelines that patients with asthma might encounter during a clinic visit. 15 Because peak fl ow meters are seldom used in Puerto Rico, 21 we replaced two of the original questions in the ANQ with one about weight (e- Table 1 ). This modifi cation was done with the permission of the developer (Dr Apter). The questionnaire was translated into Spanish by a certifi ed translator and then backtranslated into English, with comparison of the two English versions. The number of correct questions ranges from zero to three.
Height and weight were measured to the nearest centimeter and pound, respectively. Spirometry was conducted with an EasyOne spirometer (NDD Medical Technologies, Inc). All subjects had to be free of respiratory illnesses for Ն 4 weeks before spirometry, and they were also instructed (when possible) to avoid use of inhaled short-and long-acting bronchodilators for Ն 4 and Ն 12 h before testing, respectively. Forced expiratory maneuvers were judged to be acceptable if they met or exceeded American Thoracic Society criteria modifi ed for children. 22 After performing baseline spirometry, subjects were given two puffs (180 m g) of albuterol through a metered-dose inhaler with a spacer. After waiting 15 min, each subject repeated the spirometric maneuvers to assess bronchodilator responsiveness. The best FEV 1 Written parental consent was obtained for participating children, from whom written assent was also obtained. The study was approved by Institutional Review Boards of the University of Puerto Rico (San Juan, Puerto Rico), Brigham and Women's Hospital (Boston, Massachusetts), and the University of Pittsburgh (Pittsburgh, Pennsylvania).
Statistical Analysis
Parental numeracy was treated as a binary variable (ie, 0 vs Ն 1 correct answer) based on the distribution of correct responses in other skills, such as numeracy, the mathematical knowledge required to understand and act upon instructions given by health-care providers (eg, knowing that a prescribed dose of 40 mg of prednisone is the same as taking four 10-mg tablets of prednisone, understanding that a 1% chance is equivalent to a one in 100 chance, and so forth). 8, 9 The 2003 National Assessment of Adult Literacy found that 44% of adults in the United States have basic or below basic health literacy and that 22% possess no more than the most simple and concrete quantitative skills. 10, 11 Findings from this national survey also indicate that members of Hispanic subgroups have, on average, the lowest health literacy level of all ethnic groups in this country. 11 An increasing body of research suggests that low health literacy may partially explain health disparities for some diseases. 12 Parents are largely responsible for following healthcare instructions related to asthma management in their children. Among children aged 3 to 12 years, low parental health literacy (assessed primarily by reading skills) has been associated with increased lifetime risk of asthma exacerbations in some studies 13 but not others. 14 Numeracy appears to be specifi cally related to asthma outcomes, and higher numeracy has been associated with lower asthma morbidity and higher asthma-related quality of life in adults. 15, 16 To date, there has been no study of parental numeracy and asthma morbidity in childhood.
We hypothesized that low parental numeracy is associated with increased asthma morbidity in Puerto Rican children, independent of indicators of socioeconomic status and access to health care. To test this hypothesis, we examined the relation between parental numeracy and indicators of asthma morbidity in a cohort of children with asthma living in San Juan, Puerto Rico.
Materials and Methods

Study Population
From March 2009 to June 2010, children in San Juan (Puerto Rico) were chosen from randomly selected households using a scheme similar to that of a prior study. 17 In brief, households in the metropolitan area of San Juan were selected by a multistage probability sample design. Primary sampling units were randomly selected neighborhood clusters based on the 2000 United States census, and secondary sampling units were randomly selected households within each individual primary sampling unit. A household was eligible if one or more residents was a child aged 6 to 14 years old. In households with more than one eligible child, one child was randomly selected for screening by using Kish tables. 17 On the basis of the sampling design, 7,073 households were selected, and 6,401 (90.5%) were contacted. Of these 6,401 households, 1,111 had one or more children within the age range of the study who met other inclusion criteria (see later description). In an effort to reach a target sample size of approximately 700 children, we attempted to enroll a random sample (n 5 783) of these The child's mother completed the modifi ed ANQ in 327 of the 351 (93.2%) participants. The proportion of mothers who answered the modifi ed ANQ the modifi ed ANQ ( Fig 1 ) . Our primary outcomes were severe asthma exacerbations ( Ն 1 course of systemic steroids for asthma in the prior year), 19 core measures of asthma exacerbations ( Ն 1 visit to the ED or urgent care for asthma in the prior year and Ն 1 hospitalization for asthma in the prior year), 20 and measures of lung function (FEV 1 and FEV 1 /FVC).
Because of their potential correlation with numeracy and/or the outcomes of interest, the following covariates were examined in bivariate analyses: age, sex, parental asthma, BMI 23 as a z score (based on 2000 Centers for Disease Control and Prevention growth charts 24 ), household income (less than vs Ն $15,000/y [near the median income for households in Puerto Rico in 2008-2009 25 ] ), type of health insurance (private or employer-based health insurance vs others), one or more positive allergen-specifi c IgE, parental education (one or more parents completed high school vs none), parental report of the child's use of ICS in the prior 6 months, exposure to secondhand tobacco smoke, 26 and in utero smoking.
A stepwise approach was used to build the multivariate models using linear or logistic regression. All models included age, sex, household income, use of ICS, and exposure to secondhand tobacco smoke; models for FEV 1 were additionally adjusted for height. Additional covariates (described earlier) were included in the initial multivariate models if they were associated with the outcome at a P Յ .20 in bivariate analyses. Variables remained in the fi nal models if they were statistically signifi cant ( P , .05) or if they changed the parameter estimate ( b ) by Ն 10%. After the fi nal models were built, we tested for interactions between parental numeracy and other covariates. All analyses were performed using SAS, version 9.3 (SAS Institute, Inc).
Results
The main characteristics of the study participants are shown in Table 1 . Although most participating children had one or more parents who graduated from high school, . 60% came from families whose household income was below the median household income for Puerto Rico or did not have private or employerbased health insurance. Overall, approximately 30% of the parents of study participants had low numeracy (no correct answers in the modifi ed ANQ), and only approximately 10.5% of the parents achieved a perfect score in the modifi ed ANQ ( Fig 1 ) . Table 2 shows the results of the bivariate analyses of parental numeracy and the covariates or outcomes of interest. Compared with children without low parental numeracy, those with low parental numeracy were signifi cantly less likely to have a household income Ն $15,000/y, to have one or more parents who graduated from high school, to have private or employerbased health insurance, or to have used ICS in the previous 6 months. Children with low parental numeracy also had a signifi cantly lower BMI and were more likely to have had one or more visits to the ED/urgent care for asthma or to have been hospitalized for asthma in the previous year than children without low parental numeracy. Parental numeracy was not signifi cantly associated with having received one or more courses of systemic corticosteroids in the previous year, lung function measures, or other covariates. In a multivariate analysis, we found signifi cant evidence for modifi cation of the effect of parental numeracy on asthma hospitalizations by use of ICS ( P for interaction 5 .04). Thus, we conducted the multivariate analysis of parental numeracy and asthma hospitalizations after stratifi cation by use of ICS ( Table 4 ) . In this stratifi ed analysis, low parental numeracy was signifi cantly associated with nearly threefold increased odds of having had one or more hospitalizations for asthma in the previous year among children not using ICS. Among cases using ICS, there was no signifi cant association between low parental numeracy and hospitalizations for asthma.
Because of high collinearity between household income and type of health insurance or parental education, we did not include all indicators of socioeconomic status in the same models. Replacing household income with insurance type or parental education did not signifi cantly change our fi ndings (e- Tables 2, 3) .
To further assess potential confounding by asthma severity, we repeated the multivariate analysis of visits to the ED/urgent care or hospitalizations for asthma after additional adjustment for other indicators of asthma severity or control (FEV 1 /FVC, one or more positive allergen-specifi c IgE, and use of leukotriene antagonists), obtaining similar results (e-Tables 4, 5).
Discussion
We found that low parental numeracy is associated with an increased risk of visits to the ED/urgent care was similar in children with and without low parental numeracy (90.8% vs 94.2%, P 5 .26). Table 3 shows the results of the multivariate analysis of parental numeracy and one or more visits to the ED/urgent care for asthma in the previous year. After adjustment for age, sex, household income, use of ICS, and exposure to secondhand tobacco smoke, children with low parental numeracy had nearly twofold greater odds of having had one or more visits to the ED/urgent care than those without low parental numeracy. There was no signifi cant modifi cation of the estimated effect of parental numeracy on ED/urgent care visits for asthma by any of the variables in the model. recognition test that measures reading abilities) was associated with an increased risk of ED visits, hospitalizations, use of rescue medications, and school absences for asthma. 13 In that study, parents with low health literacy were more likely to have reduced asthma knowledge and to have children with moderate to severe persistent asthma. In contrast to those fi ndings, two larger cross-sectional studies (one using the REALM test and another using a modifi ed version of the Newest Vital Sign, a test that measures both read ing comprehension and numeracy) found no signifi cant association between limited parental health literacy and indicators of asthma morbidity or control (ie, ED visits or hospitalizations) in childhood. 14, 29 However, low parental numeracy was associated with worse parental perception of child's overall health, 14 lower parental quality of life and asthma knowledge, 14 or lower parental self-effi cacy (ie, a person's confidence in his or her ability to succeed in a health-related behavior) to manage their child's asthma. 29 The inconsistent results of these studies may be explained by the different tools used to measure health literacy, divergent analytical approaches, and the heterogeneity of participants across studies. In adults, low numeracy has been associated with increased risks of lifetime ED visits and hospitalizations for asthma. 15 The management of childhood asthma relies on a parent's ability to monitor his or her child's illness, and numeracy is likely required to accomplish complex tasks such as estimating the correct dose of a medication and understanding risks and benefi ts of asthma treatment. 8, 30 Numeracy may also promote parental behavior change, infl uence information-seeking behaviors, and affect health-care system navigation skills. 30, 31 In addition, numeracy is also closely related to other health literacy skills (ie, reading, writing, speech, speech comprehension, and cultural and conceptual knowledge) as well as self-effi cacy. 32 In our study, low parental numeracy was associated with one or more hospitalizations for asthma in children who were not on ICS in the previous 6 months. In contrast, there was no signifi cant association between parental numeracy and asthma hospitalizations in children whose parents reported use of ICS in the previous 6 months. The negative fi nding among children for whom ICS had been prescribed in the recent past could be explained by obscuration of the detrimental effects of low parental numeracy by poverty (eg, if parents of children from low-income households had no private or employer-based health insurance [68.1% of our study participants], they would not be able to continuously purchase ICS once prescribed, thus making parental numeracy less relevant). Consistent with this hypothesis, children from low-income households whose parents reported ICS use in the previous 6 months had nearly fi vefold increased odds for asthma in Puerto Rican children. In our study, low parental numeracy was also associated with an increased risk of hospitalizations for asthma, but only among children not using ICS. To our knowledge, this is the fi rst report of an association between low parental numeracy and asthma exacerbations in childhood. Our fi ndings are meaningful because, unlike some other sociodemographic characteristics, parental numeracy can potentially be addressed in healthcare settings. 27, 28 Very few studies have examined the association between parental health literacy and childhood asthma. In a retrospective study of 150 children (47% African American and 45% white) attending three outpatient clinics in Chapel Hill, North Carolina, low parental health literacy (assessed using the Rapid Estimate of Adult Literacy in Medicine [REALM], a word- relation between parental numeracy and asthma morbidity in Puerto Rican children.
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of having been hospitalized for asthma in the previous year. The absence of an association between low parental numeracy and use of systemic corticosteroids for asthma is likely due to prescription patterns in the island of Puerto Rico. There is a suboptimal use of ICS in children with asthma and widespread use of systemic steroids in Puerto Rico, especially in children without private or employer-based insurance (due to a current health-care policy that makes providers directly fi nancially responsible for medications costs, a major barrier to the use of relatively expensive medications such as ICS). [33] [34] [35] Our study has considerable strengths, including the use of a multistage probability sampling design for subject recruitment and a sample size that is larger than that of any previous study of health literacy and childhood asthma. We also recognize several limitations to our fi ndings. First, our study was cross-sectional, and we are thus unable to assess causal or temporal relationships. For example, the observed association between reported use of ICS and ED/urgent care visits or hospitalizations is likely due to "reverse causation" (eg, if only children with more severe asthma were prescribed ICS). Second, we lack data on adherence to prescribed ICS. Third, low parental numeracy is tightly linked to poverty, and there could thus be residual confounding by socioeconomic status, asthma severity, or other unmeasured factors (eg, housing quality, health beliefs, or cultural patterns). However, confounding by socioeconomic status or disease severity is an unlikely explanation for our fi ndings, because we obtained similar results in multivariate models adjusting for various indicators of socioeconomic status (household income, type of health insurance, or parental education) or asthma severity/control (FEV 1 /FVC, one or more positive allergen-specifi c IgE, or use of leukotriene inhibitors). Fourth, we did not measure child's numeracy, which may be relevant to older children taking most of the responsibility for their asthma care. Fifth, although the ANQ is a validated test, the modifi ed version used for our analyses was not previously validated. Finally, our results may not be generalizable to Puerto Rican children living in the mainland United States (as individuals who emigrate may differ from those who do not) or children in other ethnic groups. However, Puerto Rican children living in the mainland United States are more likely to come from families with a lower socioeconomic status 3 and, therefore, are more likely to be exposed to low parental numeracy.
In summary, our results suggest that low parental numeracy leads to increased asthma morbidity in Puerto Rican children independent of indicators of socioeconomic status or access to health care. Longitudinal studies are needed to further examine the
